Introduction
============

Attempts to weaken cancer cells prior to and during cancer treatment exploit the inherent weaknesses of cancer cells compared with normal cells. These weaknesses include dependence on glucose and iron, and weak cell structure.

Glucose dependence of cancer cells
----------------------------------

Warburg observed that most cancer cells predominantly produce energy by a high rate of glycolysis followed by lactic acid fermentation in the cytosol. By contrast, most normal cells produce energy by a comparatively low rate of glycolysis followed by pyruvate oxidation in the mitochondria. A cancer cell requires more glucose because its metabolism is inefficient compared with normal cells. Exploiting this difference between cells, Walker-Samuel et al. developed a new technique for detecting cancer by imaging the consumption of sugar with magnetic resonance imaging (MRI) [@B1]. In this technique, large amounts of glucose taken up by tumors appear as bright images on the MRI scan. This method demonstrates that cancer cells absorb more glucose than normal cells. Although limiting glucose intake could reduce cancer growth, I do not advocate completely avoiding glucose intake, but rather minimizing it as much as possible.

Iron is required for cancer cell proliferation
----------------------------------------------

Lam stated that "*Iron is required for cell division, and it is well known that many cancer cell types selectively accumulate iron for this purpose. Most cancers have a large number of iron-attracting transferring receptors on their cell surface compared with normal cells. The Chinese herb artemisinin works via highly reactive oxygen-based free radicals that are activated in the presence of iron [@B2].*" Hann et al. showed that tumors grow more slowly and were smaller in mice on a low iron diet than in mice on a normal iron diet [@B3].

Mechanical vibration
--------------------

Zhang et al. designed a dynamic magnetic field generator that could induce rotational movements of superparamagnetic iron oxide nanoparticles (SPIONs). They hypothesized that the shear forces created by the generation of oscillatory torques (incomplete rotation) in SPIONs bound to lysosomal membranes would cause membrane permeabilization, leading to the extravasation of lysosomal contents into the cytoplasm and the induction of apoptosis [@B4]. However, because the nanoparticles were able to damage normal cells as well as cancer cells, I do not suggest the use of nanoparticles to directly kill cancer cells, but instead to only disturb them. Mechanical vibration may disturb cancer cells more than normal cells, and it is envisioned that the immune system may recognize these disturbed cancer cells.

The mammalian genome and viral relics
-------------------------------------

Up to 98% of the mammalian genome is comprised of non-coding genes, also called junk genes, which are believed to be genetic remnants which have lost most of their function during evolution. The genomes of nearly all healthy human cells contain the entirety of an individual\'s inherited information [@B5]. Not all junk genes are genetic relics of viruses, yet there are many relics of viral genes embedded in junk genes. These genes have been inactivated and have little impact on mammalian life. There is, however, evidence that such viral genes are linked to cancer.

Kozeretska et al. stated that "*The mobile elements (ME), also called junk DNA or transposable elements, are present in the genome of all known eukaryotes... MEs often take part in important genomic functions and provide material for natural selection, and failures and errors in their function lead to genome damage and disease, including cancer... It has become evident that the role of MEs in the initiation of some tumor types in vertebrates should be considered as an inevitable consequence of their vast genomic involvement in the generation of somatic cell diversity [@B6].*"

Moreover, Katzourakis et al. stated that "*Retroviruses have been invading mammalian genomes for over 100 million years, leaving traces known as endogenous retroviruses (ERVs)... with humans largely containing inactive lineages of ERVs\... Retroviral integration can cause cancer.*" The more ERV genetic relic there is in a mammalian genome, the greater the possibility that the mammal will develop cancer [@B7].

Kapranov et al. stated that "*The function of the non-coding portion of the human genome remains one of the most important questions of our time. Its vast complexity is exemplified by the recent identification of an unusual and notable component of the transcriptome - very long intergenic non-coding RNAs, termed vlincRNAs... Finally, we show that vlincRNAs can be syntenically conserved in humans and mouse and their depletion using RNAi can cause apoptosis in cancerous cells [@B8].*"

Genetically modified organisms
------------------------------

Genetic engineering is the process of manually incorporating new DNA into an organism to create one or more traits that are not already found in that organism. When a gene for a desirable (or undesirable) trait is taken from one organism and inserted into another, it gives the recipient organism the ability to express that same trait. The conventional genetic engineering approach is to insert external genetic material into the host genome. In cancer development, the concept of a genetically modified organism (GMO) implies the presence of undesirable viral genes that have been inactivated or silenced. If in the reproduced cell this viral gene is activated, then that active viral gene could behave like external genetic material. Thus, the new cell is a GMO, as the mutant cell and the GMO represent the same cell.

This concept of cancer as a GMO suggests that cancer developed through the incorporation of active genes into new cells**.**The cancer cell is a new GMO with the traits of active genes. For example, a GMO arising from the ERV gene has the traits of the ERV, whereas a GMO arising from an ancient eukaryotic gene has the traits of ancient eukaryotes.

Comparing the advanced cancer cell with ancient eukaryotes
----------------------------------------------------------

Metabolism
----------

Similar to ancient eukaryotes, advanced cancer cells live in hypoxic environments and metabolize glucose by fermentation. Mammals with such an aerobic metabolism evolved a few hundred million years ago.

Cell reproduction
-----------------

Normal cells communicate with other cells and cease to grow when they contact other cells. Cancer cells, by contrast, maintain a high proliferation rate when nutrients are available and the microenvironment is suitable.

Iron content
------------

Before the oxygenation of the atmosphere, abundant free iron, which is required for cell division, was available on the Earth. Cancer cells require iron for their proliferation. Free iron on Earth had been oxidized prior to mammals evolving.

Radiation resistance
--------------------

Until the rich oxygenation of the Earth\'s atmosphere, the ozone layer did not exist in the upper atmosphere. Although radiotherapy and chemotherapy function by damaging cancer cell DNA, ancient eukaryotic genes and late-stage cancer genes have resistance to high-energy impacts with the capacity to repair their damaged genetic material. This is one of the reasons cancer cells develop resistance to radiotherapy and chemotherapy. Lineweaver et al. suggest that cancer treatments should not target the cancer\'s strength [@B9].

Cell growth environment
-----------------------

Until the rich oxygenation of the Earth\'s atmosphere, the land was too harsh for living cells because no ozone layer existed to reduce the radiation from space. Tan et al. showed that cancer thrives in softer spaces and lurks quietly in stiffer cellular environments [@B10]. These softer spaces are similar to the aqueous environment serving as habitats for early eukaryotic cells.

The table above shows that the advanced cancers have the traits of ancient eukaryotes.

Suggested trials
================

Suggested trial one
-------------------

The three weakening procedures described above could be combined in a protocol that uses the following equipment:

**Magnetic field:**A coil device could be used to generate a low frequency, uniform, alternating magnetic field to mechanically vibrate magnetic nanoparticles.

**Nanoparticles:**A central magnetic nanoparticle could be coated with a layer of glucose. Examples of similar sugar-coated nanoparticles have been previously explored by Dennis et al*.*, who coated iron oxide compounds with glucose [@B11] and Cohen et al*.*, who devised a cluster of nanoparticles composed of fats and coated it with a type of polysugar. When filled with chemotherapy drugs, these clusters accumulated in tumors and caused a 25-fold increase drug accumulation in tumors. A drastic decline in the toxic accumulation of drugs in healthy organs was observed [@B12]. Finally, Burridge demonstrated that nanoparticles can exert a mechanical force on the cells through a magnetic pulse [@B13]. The purpose of this trial would be to demonstrate whether the weakening procedure could aid an existing cancer treatment.

Suggested trial two
-------------------

Deng et al. created a multi-layer of materials around a nanoparticle\'s core by creating "layer-by-layer" nanoparticles [@B14], [@B15]. This trial would be identical to trial one, except that the anti-cancer drug would be located in the middle layer of the magnetic nanoparticle. The outer layer would consist of glucose. Mechanical vibration serves a dual purpose. In addition to the physical disturbance of the cancer cells, the vibration removes the outer glucose coating, exposing the cancer cell to the anticancer drug. Mechanical vibration would be the method of delivering the anticancer drug into the cancer cell. The challenge would be to develop an anticancer drug that has minimum impact on normal cells.

Duke University (NC, USA) researchers found that high-intensity focused ultrasound shakes cancer cells. This effect, which was observed in mice, may also apply to human patients [@B16]. However, the ultrasonic wave vibration exerts the same force on both cancer and normal cells. Therefore, compared with ultrasonic vibration, the combination of glucose-coated nanoparticles with mechanical vibration would have a greater impact on cancer cells.

Application of glucose-coated nanoparticles
-------------------------------------------

I suggest the use of glucose-coated nanoparticles as a cancer treatment because it does not rely on novel, breakthrough technology, and the majority of research institutes would be able to carry out the suggested trials. The magnetic coil design should generate a uniform magnetic field where the cancer cells are located.

If the alternative magnetic field strength is uneven, cells may be subjected to stronger parts of the magnetic field. Hence, there is a risk of harming normal cells. A rotational magnetic field [@B4] may not be suitable for this application because it has a constant angular velocity with a linear speed varying from the distance to the center.

The glucose-coated nanoparticles would more readily enter cancer cells than normal cells because cancer cells have a greater requirement for glucose [@B1]. The vibration would then disturb and weaken the late-stage cancer cell. This hypothesis could be easily validated by trials.

Hypotheses regarding the origin of cancer
=========================================

I hypothesize that:

A. Ancient eukaryotes existed prior to the presence of free oxygen on the Earth and metabolized glucose under hypoxic conditions.

B. After the rich oxygenation of the Earth\'s atmosphere, multi-cellular development formed diverse and functional cells and differentiated cells with oxidative metabolisms.

C. Many genes have been exchanged by HGT throughout cellular evolution. Most of the mammalian genome is comprised of non-coding genes, or junk genes, which are evolutionary remnants.

D. Although the majority of viral genes are inactive during the course of human life, some may, on occasion, become active and be involved in the development of the placenta when required.

E. Mammals may undergo millions of cell regenerations in their daily life, but not all reproduced cells can be normal and healthy. If the process of cell reproduction is defective or mutated, there are several potential consequences for the new cell.

1\. The damaged DNA must be repaired. If this is not possible, then

2\. The immune system eradicates the mutant cell. If not, then

3\. The mutant cells develop into a benign tumor if the viral genes remain inactive, or

4\. If the viral genes of the new cell are actively involved, which is similar to genetic engineering, the new cell is transformed into a GMO by that viral gene.

5\. The mammalian genome consists of many relics of viral genes, and it is unknown whether these genes are harmful. Various types of GMOs could be created depending on which gene becomes active. Cancer cells are amalgamations of various groups of GMOs.

6\. The new GMO may no longer be able to inactivate the viral genes or the deeply rooted genes of eukaryotes. Other inactive genes could become active, subsequently creating another new GMO. In this way, cancer cells continuously create more GMOs as the cancer progresses.

F. The physical structure of cancer cells is fragile in comparison with normal cells, which can be rationalized as follows:The mammalian cell evolved over millions of years, whereas the development of cancer cells occurs under uncontrolled proliferation. In addition, cancer blood vessels are leaky. Finally, normal cells are optimized for stability, whereas cancer cells are optimized for growth.Ultrasonic mechanical vibration has a greater impact on cancer cells than on normal cells [@B16].In mouse models, fasting prior to chemotherapy ensures cancer treatment is 40% more effective with no noticeable effect on normal cells [@B17].Late-stage cancer cells have characteristics similar to ancient eukaryotes. All living organisms have finite resources. In order to survive in the harsh environment billions of years ago, a crucial survival requirement for a eukaryote was to have a strong cell membrane. Hence, eukaryotes devoted less of their resources to internal defense structures.Physical weakness is common in late-stage cancer cells. This weakness should be targeted by physically disturbing the cancer cell.

Theory of cancer origin
-----------------------

Cancer can be induced by external viruses, such as papillomaviruses. Cancer can also be induced by other external agents, such as radiation and chemical carcinogens [@B18]. However, the origin of cancer is not external agents, but the mammalian genome. There are two existing theories of cancer origin, which are based on cellular malfunction.

### The Somatic Mutation Theory

"*The premises of this theory are as follows: (1) cancer is derived from a single somatic cell that has accumulated multiple DNA mutations; (2) the default state of cell proliferation in metazoa is quiescence; and (3) cancer is a disease of cell proliferation caused by mutations in genes that control proliferation and the cell cycle [@B19].*"

In GMO hypotheses, although external agents can induce GMO development in many instances, external agents are not necessary for all GMO development. Most new GMO developments are random events. The cancer cell, GMO, with viral traits, has mutational capability. If such a mutation does occur, it only plays a minor part in cancer development.

### Cancer as a Metabolic Disease Theory

Another cancer origin theory stated that "*Any unspecific condition that damages a cell\'s respiratory capacity, but is not severe enough to kill the cell, can potentially initiate the path to a malignant cancer,*" and "*cancer is not a genetic disease but a metabolic disease involving mitochondrial dysfunction and respiratory insufficiency [@B20].*" Scientists have not yet been able to demonstrate that metabolic disease is the cause rather than the consequence of cancer development.

### Cancer has a deep evolutionary root

Davies et al. hypothesized that "*cancer is a type of throwback, or atavism, to an ancestral phenotype. Cells are usually regulated by mechanisms that instruct them when to multiply and when to die. What we believe is that when these mechanisms malfunction, the cells revert to the default option, a genetic subroutine programmed into their ancestors long ago, of behaving in a selfish way. To use a computer analogy, cancer is like Windows defaulting to \'safe mode\' after suffering an insult of some sort [@B5].*" In other words, cancer is driven by genes deeply rooted in the tree of multi-cellular life. The GMO hypothesis for cancer has a similar concept; it is the ancient genes that ultimately drive cancer development but with a different interpretation.

In the GMO hypotheses, cancer develops when the relics of viral genes are incorporated into new cells in the cell cycle, similar to genetic engineering. The new GMO cell expresses the traits of the viruses from which the relics of viral genes arose. The GMO may contain more than one viral gene relic and the GMO will express traits of all viral characteristics. Cancer development could have multiple types of GMO, similar to genetic engineering using various viral genes. Therefore, cancer is an amalgamation of GMOs.

GMOs comprise two main groups. One group arises by genetic engineering of viral gene relics in the junk genes, which evolved after the oxygenation of the atmosphere (GMOV). The GMOV express the traits of viruses that evolved during the last half billion years (the Phanerozoic period). The other arises by genetic engineering of genes from early eukaryotes that existed prior to the oxygenation of the Earth (GMOE). These genes are deeply embedded in the genome (the Proterozoic period, 0.5-2.5 billion years ago) with aggressive proliferation and good survival capability.

The hypothesis also states that most cancers have their origins in GMOV. As the cancer progresses, further subgroups of cancer GMOs will develop. If the cancer advances further, the GMOE could eventually develop prior to late-stage cancer.

Polyak et al. observed that "*individual tumors are genetically heterogeneous - comprised of multiple subgroups of cancer cells, each with its own genomic signature or pattern of gene mutations...and when multiple subgroups were present in the same tumor, they interfered with each other\'s expansion [@B21], [@B22].*" The observation that multiple subgroups of cancer cells compete with each other would support amalgamated GMOs hypotheses because multiple GMOs compete with each other in cancer development.

Earlier organisms had superior innate immunity and poor adaptive immunity. As evolution progressed, organisms exhibited superior adaptive immunity and poorer innate immunity [@B9]. Basler et al. observed that "*In two genetically distinct contexts of cell competition, the ancient innate immune defense response system is activated and drives the elimination of the cells perceived as relatively less fit [@B23]*," and so the stronger ancient innate immune GMOE will eventually prevail over the weaker GMOV during cancer development. These two observations support the interpretation of GMO hypotheses.

Can "Cancer cells as an amalgamation of GMOs" hypotheses be validated?
----------------------------------------------------------------------

Heidmann et al. reconstructed the DNA sequence of a retrovirus and showed that it is able to produce infectious particles, the retrovirus named Phoenix [@B24]. If, in an experiment, a normal cell could be genetically engineered by a viral gene (from a junk gene) to create a cancerous GMO, this would validate the GMO hypotheses.

Suggested treatment strategies
==============================

When two opposing entities compete, one will prevail if it is stronger or its opponent is weaker.

Ben-Jacob et al. observed that the best strategy to fight cancer is to strengthen the immune system and simultaneously weaken the cancer [@B25].

Improving immunity
------------------

Anderson applied the Lymphocyte Genome Sensitivity test, which measures the damage caused to the DNA of white blood cells that are under stress while fighting cancer, to find that individuals with cancer have DNA that is more easily damaged by ultraviolet light than those without cancer [@B26].

This result shows that white blood cells are under stress in cancer patients. Hence, the immune systems of cancer patients should be improved. We should adapt the best available technology to strengthen the immune system.

Weakening the cancer GMO
------------------------

Glucose-coated nanoparticles may not be affected by the mammalian immune system, and thus would have a strong likelihood of entering cancer cells. If glucose-coated nanoparticles could successfully enter and disturb cancer cells, the following treatments could be realized:Cancer is easier to treat if detected early by improved diagnostic methods. The relics of viral genes are embedded in the junk genes, such as ERV, which evolved after the increase in free oxygen on the Earth. Most cancers have their origins in GMOV. This type of GMO is less resistant to DNA damage and would not be as aggressive in its proliferation as GMOE. The anticancer drugs in suggested trial two could then be used for treatment.GMO genes may have arisen from the eukaryotes that evolved prior to the rich oxygenation of the Earth\'s atmosphere. The GMOE proliferates when in its favorable environment, otherwise it will remain dormant. This comfortable environment can be disrupted by reducing glucose levels and iron intake to retard cancer proliferation, GMOE, without killing it. The GMOE could be dormant for a long period.As the GMOE derived from ancient genes will eventually drive the development of cancer, it is possible to exploit the weaker structure of cancer cells and the lack of adaptive immunity in GMOE [@B9]. Mechanical vibration would agitate the GMOE cells and create a disturbance to which the GMOE could not respond. This approach would give the immune system a chance to attack the cancer cells.The same procedures could be used in treating or eradicating circulating cancer cells in blood vessels.

Because the ancient eukaryotes lived in anaerobic environments, it is possible that hyperbaric oxygen therapy may weaken the GMOE. More studies may be required.

Discussion
==========

There are three hypotheses in this manuscript as follows: (1) by glucose-coated nanoparticle vibration, late-stage cancer cells suffer a greater weakening effect than normal cells; (2) cancer develops if active viral genes are incorporated into new cells, GMOV, in the cell cycle, similar to genetic engineering. Both these hypotheses could potentially be verified by laboratory experiments; and (3) GMOE will eventually drive cancer development if cancer progresses further.

The environment on Earth evolved from an almost non-free oxygen environment to an environment rich in oxygen approximately half a billion years ago; hence, life evolved from anaerobic to aerobic metabolism. The majority of the mammalian genome is represented by junk genes, which are remnants of evolutionary history. These viral relics have been inactivated through evolution, and many reports have stated that some viral genes are linked to cancer [@B6], [@B7], [@B8]. Davies stated that "*Lineweaver and I envisage cancer progression within a host organism as like running the arrow of biological evolution backward in time at high speed...cancer generally cannot be cured [@B5]*". In GMO hypotheses, by hypothesizing the late-stage cancer is GMOE, there is a possibility to develop cancer treatment strategies.

By reverse engineering, it has been shown that the more prevalent the ERV in a mammalian genome, the greater the possibility that the mammal will develop cancer [@B7]. In addition, it has been observed that late-stage cancers have the same characteristics as ancient eukaryotes. These two observations imply that cancer development is primarily determined by genes in the mammalian genome.

HGT

:   horizontal gene transfer

GMO

:   genetically modified organism

ERV

:   endogenous retroviruses

GMOV

:   GMO arising from genetic relics of a virus that evolved after oxygenation of the Earth

GMOE

:   GMO arising from genes of eukaryotes that evolved before the oxygenation of the Earth.

###### 

The comparison of normal cells, late stage cancer cells, and ancient eukaryotes

  Description               Normal cell             Advanced cancer cell   Ancient eukaryote cell
  ------------------------- ----------------------- ---------------------- ------------------------
  Metabolic nutrient        Glucose, etc.           Glucose or glutamine   Glucose
  Metabolism                Oxidation               Toward hypoxia         Hypoxia
  Cell reproduction         Replacement only        Uncontrolled           Uncontrolled
  Iron content              Low                     High                   High iron
  Radiation resistance      Poor                    Better tolerated       Better tolerated
  Cell growth environment   Habitable environment   On soft tissues        Lived in water
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